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ABS'I'KACT 


The l\\/fhtenheygia regeris complex consists ol rhizomatoiis perennial species with short 
contracted inflorescences and awnless spikelers. A study was undertaken to determine the 
amount of morphological variation that is present within and amon^^ the species. Exami¬ 
nation of morphological variation has shown that /\1, glinnheci does not have a close affin ity 
with other species of the complex. Mi/hleiiherj^ia rnlhir^sonis and AI. squarrosci were not 
found to be morphologically distinct and are considered a single highly variable species 
most closely related to AI. regens Al. iitilis. Morphological variation between AI. villijiorn 
and M. vitlosa intergrades to a large extent, although they remain distinct throughout 
most of their distribution, and they are thus recognized as a single species with two variet¬ 
ies, var. I’illijlorci and var. villosa. A key to the six species and two varieties is provided. 


RHSIIMEN 


El complejo gAnblenbergici repens esta formado ['xir especies rizomatosas perennes con 
inflorescencias cortas contrafdas y espiguillas muticas. Se realize) un estudio para establecer 
la variacion morfologica intraesj^ecffica e interespecifica. Id examen de la variacion 
morfologica ha mostrado c]ue AI. plnnihea no tiene afinidades grandes con las otras especies 
del complejo. Se encontro cjue h\i{ble}ihergui ricbcn\lsi))ns y /Al, sqnarrosci no son distintas 
morfokSgicamente y son consideradas como una sola es|'>ecie de variabilidad alta, mas afin 
. repens y Al. ntilis. La variacion morfologica entre Al, villifhn'ci y M. villosa se intergrada 
en una gran extension aunque permanecen diferentes en la mayor parte de su distribucifin, 
y por elk) se reconocen como una unica esisecie con dos variedades, var, villijlora y var. 
villoscn Se ofrece una clave de las seis especies y las dos variedades. 
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IN'I'KODUCIION 


The genus iW/zhlciiher^^/ci Sehreb., with about I 60 sj^ecies, has a center ol 
(.listribution in the southwestern United States and northern Mexico. In 
general, these species are found in hot, arid habitats although some species 
occur in diverse situations such as moist sliaded woodlands (Al. Sihrehcri 
(imel. and its allies) and alpine meadows [Al. richc/rc/sonis (dVin.) Rydb. and 
A\. Ji! ijonu/s (d hurb.) Rydb.]. Members of the /W/zhlciihcri^ici rc/Hi/s complex 
(Morden & Hatch 19(S7) are distributed throughout North America (ex- 
cltiding the southeastern United States) and in the Andean lliLdilands of 


i 


South America, ddiis com|slex is characteri/ed by a rhizomatous perennial 
habit, short culms seldom exceeding; 4() cm, short involute leaf blades, and 
a short contracted inflorescence with awnless or mucronate spikelets. As 
presently understood, this complex consists of eight sisecies which may be 
placetl into two groups based on (loret vestiture. Six species are typically 
considered to have glabrous spikelets, several of which are minutely pubes¬ 
cent or scabrous on the lemma when observed closely (above 2()x 
magni heat ion). These include Al. repei/s (Presl) llitchc., Al, ////7A (dd)!'!-.) 
Ilitchc., Al. nchciyduniis (drm.) Rydb., y\l. sc/iun'roSii (Trin.) Rydb., /\I. 
jcistipLitci (Presl) Henrard, and Af. l>h/iiihici (Trin.) Hitchc. lAvo species, Al. 
’illijloi'ii Hitchc. and Al. r/UoSci Swallen, have llorets that are densely villous 
on both the lemma and ixilea. /y/z/w/avz, which typically grows 

larger than is usual for this complex and often has an open inflorescence, is 
included in this complex upon the suggestion of Charlotte Reeder (isers. 

comm.). Most of the sisecies occur in the southwestern United States or 
adjacent Mexico. 

The species of the Al, rypyus complex have been traditionally separated 
into two groups on the basis of glabrous or villous florets (Hitchcock I9S(); 
(lOLild 1 97S). Analysis of these species Lising scanning electron microscoiTy 
(SEM) found that only three of the species fAI. Al. ph/»/hci/, and 

Al. iitilis are completely devoid of vestiture on the (loret, whereas all others 
have macrohairs present on the lemma and/or jsalea (Morden 19tSS). Both 
Al. villiflin'ii wnA Al. rillo.ui have copious macrohairs evident without the aid 
of magnification. However, /\l, repeus, Al. ricLhin/soiiis, and Al. sqnciyvnsd all 
have macrohairs, albeit smaller and in much lower frecpiency than Al, 
rillilloyci and Al. villttsd, distributed on the lemma and palea in a pattern 
similar to that of the densely villous species (near the base of the lemma 
and between the two nerves of the palea). Of these three species, macrohairs 
of Al. yypy)is are typically longer and more densely distributed over the cal¬ 
lus of the floret and the lemma aiul palea. In some populations the hairs are 
visible at 2()X magnification with a dissecting microscoise. Macrohairs of 
Al. y/cl.hiyi/soiiis and /\I. scj/Zi/yyiisd are shorter and less fretpienr, and were seen 
only with SEM. 
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Morel 


and Hatch (1987) studied the variation present within leaf anatomical traits 
and found that all species of this complex were discernible with the excep¬ 
tion of AI. nchctrdsouh and Al. scfiuirvosti. There is an apparent overlap in 
morphological characters and sympatry in distribution (occasionally grow¬ 
ing side by side). In one instance, three different species of this complex 
were found growing within a five sc|uare meter area. Morjshological charac¬ 
ters which have often been used to separate species within this complex 
often show considerable variation. For example, of the species with gla¬ 


brous florets, only Al. r/cbcircisoiiis and Al. sq/zarma were reported to have 
nodulose roughening on the culms. However, ujion close inspection this is 
found to a limited degree in all species of the complex. Further, it is not 
uncommon within some populations for the lower branches of the 
inflorescence to become relaxed, and in some cases reflexed, similar to what 
is found in Al. pl/mihcci, although most taxa typically have contracted panicles. 

There are two problematic species groups within this complex. In one, 
AT rk'hcirdsnnis and AI. sqitayrosci have been found throughout North America 
north of Mexico (including Alaska and the provinces of Canada) except in 
the southeastern United States. They have j)reviously been reported as sepa¬ 
rate species based on culm morphology or as a single species (under Al. 
nchardsonis: Cronquist et al. 1977); Al. sq/zciryo-UJ has stout, decumbent, and 
spreading culms and occupies drier sites with little competition from other 
species, whereas AI. yichaydsozih has more slender, erect culms and is usually 
growing in moister soils in a meadow-like association. The South Ameri- 

fc/sti^icita^ appears similar to AT sq/zcurosa and AT yichaydsoit 'is 
in all characters except that the vegetative morphology is depauperate. This 
species occurs in the Andean Highlands of Argentina, Bolivia, and Peru, 
and is not found below 3090 meters elevation. Given the broad distribu¬ 
tion of AT yk'haydsonii and AT scj/zciyyasc/, and that it often occurs at high 


c 


Mount 


is that AT fcistiguitci is a smaller South American form of this species. Al¬ 
though AI. yichciydsonis and AT sq/zairosc/ are apparently morj'ihologically 
distinct from others of the comi^lex, they are most similar to and a|)par- 
ently intergrading in some regions of their range with Al. yepci/s (in tlie 
southwestern United States) and Al. utilh (in Texas and California). As a 
result of the similar morphology herbarium specimens are frecjuently 
misidenrified. 

The second problematic species group includes AT villijloy^i and AT villosci. 
Miihlenhtygici villijloyct forms extensive stands across gypsiferous soils in north¬ 
ern Mexico and is a dominant component of that ecosystem. In contrast, 
Ai. I’d/osa is found in very localized populations on alkaline and calcareous 
';oik of wesrern Texas and adiacent New Mexico. The nature of the rela- 
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tionship between these two species has not been previously exjsloretl, and 
the |^aLIClty of populations of /\1. iHlo.ut available for comparison (four prior 
to this study) has made popidation studies difficult. 

A morphoUyydcal analysis of the /M. npois complex was undertaken to 
elucidate biological relationships among the species. A key and descrip¬ 
tions to the taxa are presented based upon population studies and results of 
analysis of anatomical variation (Morden & I latch 19<S7). 


MA'I KKIAI.S ANIO MimiOIXS 


Field collections were made during the Howering periods of the species 


of Mexico 


Mountains 


isolation between populations, a minimum distance of 10 miles was trav¬ 
eled between successive collection sites. In most cases, ten independent 
specimens from each site were semi-randomly collected and pressed; selec¬ 
tion was biased in favor of mature plants that did not show any signs of 
damage from insects, herbivores, trampling, etc. As always with rhizoma- 
rous species, the possibility exists that a population is made up of a single 
clone with specimens displaying mosaic or somatic variation rather than 
individual genetic variation. Therefore, specimens were collected far enough 
apart (e.g. 2 meters) within any single population to avoid this possibility. 
In addition, herbarium specimens on deposit in several herbaria were used 
to represent species we were not able to collect. In some cases, sufficient 
material of a single collection was available to serve as a “real ” populatitin; 
in other cases, “artificial populations were made by selecting specimens 
from the same geographic region and grouping them together. A total of 
1 17 isopulations (real and artificial) were available for analysis. Vouchers 
for the |x)pulation study are deposited at the S.M. Tracy Herbarium (TAES). 

lable 1 lists the 3-1 characters identified that show variation among the 
jioisulations analyzed. Several characters show variations unic]ue to this com¬ 
plex and warrant further description. Plants in this complex are often de¬ 
cumbent at the base, and as such culm height will represent culm length. 
(Alim nodules were counted within a 3 mm distance in one surface view of 
the culm, generally below the inflorescence. Leaf blade curvature was re¬ 
corded as a two state character and observed as straitrht or arcuate; deeree 

O " o 

of leaf longitudinal posture was recorded as a multistate character and re¬ 
corded as Hat, involute, or folded. Spikelet length was measured from the 
base of the spikelet to the apex of the lemma (or the glume if they exceeded 
the lemma) excluding the lemma awn. Occasionally, a second floret was 


associated with the floret, and was measured but excluded from the analv- 
SIS. VcstitLire of the lemma and palea was recorded as a four state character: 
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Tahi ii 1. Thircy-h)Lir characters used to access morphological variation in the /VI. npef/s complex. All 
characters were measured for continuous variation except those labeled as binary state (BS) or multistate 

(MS). 


Vegetative: rhizome diameter, rhizome scale length, culm height, culm diameter, ctdm internode 
length, culm nodules (MS), leaf sheath length, culm/sheath ratio, ligule length, leaf blade length, 
leaf blade width, leaf blade curvature (BS), degree of leaf longitudinal postiire (MS). 

Infl orcscence: inflorescence length, inflorescence width, nodes per inflorescence (MS), branches [^er 
node (MS), inflorescence branch length, inflorescence branch angle (MS), spikelets per inflorescence 
branch (MS), pedicel length. 


Spikelet: spikelet length, first glume length, first glume nerves (MS), second glume length, second 
glume nerves (MS), lemma length, lenima awn length, lemma vestiture (MS), palea length, palea 
vestitLire (MS), anther length, caryoj^sis length, caryopsis width. 


glabrous, scabrous or minutely pubescent, with distinct trichomes (although 
short and/or sparse), and densely villous. 

Univariate statistics (mean, standard deviation and range) were performed 
using SAS computer packages (Goodnight 1 979). A nested analysis of vari¬ 
ance (ANOVA) was done to compare intrapopulation, interpopulation, and 


1 


Mult 


sis (PCA) and cluster analysis were performed using the NT-SYS package 
of Rohlf et al. (1980). Principal components were derived using the corre¬ 
lation matrices; cluster analysis used the unweighted pair group method 
using arithmetic averages (UPGMA) on both correlation and distance ma¬ 
trices. To assess the degree of divergence among populations, the multi- 


(MANOVA) 


SAS were used. 


RESl.'LTS ANO DISCUSSION 


Initially, all populations were analyzed with PCA and MANOVA to 
determine various groupings within the complex. Results from PCA indi¬ 
cated that all populations, except the nine populations of AI. plunibea, clus¬ 
ter together. By analysis of eigenvector coefficients, the characters identified 
as contributing to the separation of these two groups were culm nodules 
(absent in M. plurnheci, but present in all other species of the complex at 
least to a limited degree), leaf blade longitudinal posture (always folded in 


M. plmnbm and flat or involute in other species), and inflorescence width. 
Two additional groupings were evident when all populations, excluding 
those of Al. pl/Dubecu were analyzed using PCA: populations with promi¬ 
nently villous florets in the spikelet were clearly separated from those with 
glabrous or scabrous florets. Results of an analysis of all populations using 
MANOVA in which the three groups just described are presented in 
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Fit^Lire 1. Because /VI. plmiibea is so clearly distinguishable Irom the other 


sjsecies of the comjilex it was not considered in further ]'»opulation analyses. 
Soderstrom ( 1967) suggested the leaf anatomy of /VI. pliniibuLi might be 
more clo.sely related to /VI. mtijloyci or M. cirizoiiicd, a placement in which we 
are in agreement. Based on the results found here for all species of the 
com|')lex, the remaining species will be disctissed in their traditional group¬ 


ings of “glabrous" taxa (macrohairs on the floret absent or not readily evi¬ 
dent without magnification) and "villous" taxa (copious macrohairs evi¬ 
dent without ma.itnihcation). 

. jcisti^uitcL /VI. repeds. 



Ghibrons iiixci .—Five taxa with “rrlabrotis” 

/VI. y/chc/yihouis. /VI. scj/hiyyosii, and /VI. //tilis, were identified in the initial 
analysis. An ANOVA and PCIA were tised to determine which characters 
accounted for most of the variation in distinguishing among populations. 
The ch aracters identified were ligule length, spikelet length, first and sec¬ 
ond glume length, lemma length, lemma vestiture, jialea length and cary- 
opsis length. Poj'iulations of M. yici.viychun 'is and M. sq/zcdrosci are not consis¬ 
tently distinguishable from one another (Fig. 2) on the basis of 
morphological characters analyzed. This was also corroborated rising ckis- 
ter analysis and MANOVA (Morden 1985) and henceforth will be referred 


to as a single species, /VI. y'lihdyclsoii/s. Populations of /VI. //tilis and /VI. yepens 


appear to be clearly distingtiishable from those of /VI. fasti^hitci and M. 
yichciydso)!ii whereas I’lopulations of y\.. jintigicttci and /VI. yh'hctychotiis apjsear 
to inrergrade in morphological form. 

Fo investigate this last point in more detail, analyses were j'lerformed on 
]'>opulations of /VI. jcnti^hitci and /VI. yichciydsoiiis to determine the extent to 
which these species are similar. The results of PCA (Fig. 3) and cluster 


analysis (Morden I 985) clearly show these populations to be distinct. Char¬ 
acters which consistently distinguish these poptilations are islant size (culm 
height, internode length, and inflorescence length) and floret vestiture (/VI. 
fctsti^icita being completely glabrous whereas /VI. yichuydsouis is usually sca¬ 
brous or minutely pubescent). Inflorescence length and floret vestiture are 
of particular imjsortance because they may be indicative of a more conser¬ 
vative distinction between the two species, whereas differences based only 
on plant size may be environmentally indticed. 

A cluster analysis using UPGMA was performed on all four of these 
taxa. (diaracters which did not account for variation amonir the taxa as 


determined from analysis of variance and PC.A were eliminated from the 
analysis. These results indicate that the "glabrous taxa are represented by 
four distinct groups, each of which is separated from the others ba.sed on 
morphological characters (Fig. 4). The cluster analysis also depicts /VI. 

g more closely aligned with /VI. yepeus rather than Al. {cistiguitj 
as was previously hypothesized. 'Fhe alignment of /VI. fcisti^hitu and /VI. 
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Fict. 1. Two dimensional represencarion ot all populations of the AI. 
lyzed with MANOVA. Clusters 1, 2, and 3 represent ^dabrous taxa, 
p I u /// heu, r e s p e c t i v e 1. 


repens complex ana- 
villous taxa, and /AI. 


i/tihs here may not be entirely anexpected; both species have completely 
glabrous florets and similar spikelet size, although vegetatively they are 
very distinct. 

Villons taxci. —An ANOVA and PCA of the 15 i:iopulation samples of 
species with distinctly villous florets, /M. villifloya and AI. villosci, identified 
ten characters for which there is relatively high level of variation at the 
species level. These characters were ligule length, leaf blade length, 
inflorescence branch length and spikelets jier inflorescence branch, spikelet 
length, first and second glume length, lemma and palea length, and cary- 
opsis length. The first two components in the PCA (Fig. 5) accounted for 
63.49? of the variation present. 

Most of the populations segregated by species classification within the 
plot. However, three populations of special interest include IWovtltn 514 
(“a”; Fig. 5) Valdes s./i. (“b”), and S[Jelle)dser^ 4565(“c”)- Samples of Morden 
314 and Valdes s.n., were collected at the same locality (Rancho Experi¬ 
mental "Los Angeles ’) in southern Coahuila dtiring different seasons. Analy¬ 
sis of the specimens in Morden 514 showed that these plants were very 
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Principal Component 1 


Fi(i. 2. Principal componerus analysis of i^oj^nlations ofrlie “glabrous” raxa using all char¬ 
acters mcasLircci. I'hc symbols present represent the si'>ecies Al. ( ■ ), /\I, utilis ( • ), 

/\l. nd.hiydsitNis ( O and i\\. ( □ ). The lirst and second axes accounted for 53.2Q' 

ol the variation. 


typical ()1 /VI. viU'/floni whereas those of population Vdhks s.)i. were more 
similar to those ol /\l. viHosa and clustered with them in the analysis. The 
distint^Liishing characteristic between these two species has been islanr size; 
/VI, viUosu is larger than /VI. viir/Jlon! in most morphological characters. It is 
evident that there exists enough plasticity in these populations that under 
different growing conditions the plants can exhibit the characters of the 
other group. 

The Sj)ellenherg 4565 collection segregated from the rest of /VI. ril/osc/ in a 
way that indicated it was very distinct from other jsoisLilations of this spe¬ 
cies. In analyzing individual specimens of this population, it was apparent 
that they represent a larger form with longer leaf blades and sheaths, longer 
internodes, and more nodes in the inflorescence than is typical of the spe¬ 
cies. Results of cluster analysis (Morden 19H5) also show this population as 
segregating distinctly from the remainder of the populations. 

'Uiese results support the conclusion that /VI. rillifinn/ and /VI. vitlosii can 
not be consistently .separated on the basis of morphological characters and 
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Principal Component 1 


Imc;. 3. Principal components analysis of poiitilations of /Al. rwhcirdsiDiis ( O ) and /VI. Jasti^iiitci 
( • ). The first and second axes accounted lor 1 9/ ot the variation. 


as such should be regarded as a single species. In general, Al villosa tends 
to be larger than Al villiflorcf and occupies a diherent habitat (alkaline and 
calcareous versus gypsiferous soils, respectively). As such, they have been 
treated as distinct varieties under /\1. I'illijidm (Morden 1996). However, 
these differences may be a result of plienotypic variability induced by the 
different habitats. Spdhtibcy^ 4565 niay also represent a distinct variety 
that is geographically isolated from other populations. However, we re¬ 
frain from taxonomic recognition of this form until more information about 
the population is obtained. Subsecjuent trips to the collection region by the 


first author, R. Spellenberg (New Mexico State Univ., pers. 
others have failed to rediscover it, thus its true status may 
vealed. 


comm.), and 
never be re- 


Kiiv TO Tiiv spixar.s 


l. Inflorescence open, lower panicle branches usually i^reater than 3.3 cm long; 

leaf blades folded or Hat, i-)rominent midvein present. 2. M. plumbea 

I. Inflorescence contracted, lower panicle branc hes usually less than 3 cm long, 
rarely open or reflexed; leal blades Htit or involute, a prominent midvein 


absent. 

2. Lemma and palea densely villous. 





I'U,. i. CJiistcT analysis of the “^^lahrous” raxa from rhe clistance matrix with all extraneous 
charac ters retTioved (rom the anal\'sis. 


3 . Spikelets usually less than 2.0 n'ln’i loni;; plants o( c;y|ssiferous soils of 

northern Mexico.6a. M. villiflora var. villiflora 

.0 Spikelets usually ^i^reater than 2.0 n'lm lone;; plants ol alkaline or cal- 

c'iireous soils, west Texas and Newv Mexico.6b. M. villiflora \'ar. villosa 

2. Lemma and [salea ^cdabrotis or scabrous, not denseb' villous. 

m 

Mature spikelets 2.^ mm loipc; or ^meater; ttlumes cjreater than I '2 the 

lenitth of floret; lemma taperint^ to a mucro or short awm .3. M. repens 

I. Mature s|sikelets less than 2.7 mm long, seldom greater; glumes 1/2 or 
less than length ol floret; lemma awmless or mucronate, not tapering. 

Ligule less than 0.6 mm long, seldom to O.S mm; inflorescence, .it 

least basally, usuall\- included in uppermost culm sheaths. S. M. citilis 

Ligule greater than O."" mm long, seldom less; inflorescence usually 

m 

on an cxscTCial peduncle. 

6. Flanrs usuallv If.ss rhan 10 cm rail; leaves less than 9 mm loner; 

lemma complecely ,irlabrous: Andean lii^ulilands . 1. M. t‘astii;iata 

6. Plants seldom less rhan 15 cmi tall, leaves artairer than 10 mm 


longer; lemma scabrous or minuteb’ |sLibescent, at least apically; 

North America.-I M. richard.st 


(Ills 


1. Muhlenbergia fastigiat a (J. Presl) Henrarcl, Medetl. Rijks-I lerb. 1();59. 

1921. hAS\o\\\\\ Slm-I>h(,his ]. Presl, Rel. I laenk. I;21I. bS sO. Vilfj 

liisligiiitNS Meyen, Reis. Prd. I; i8 l. IS.rl (nom. nud.). 'I'vpi-: Peruviana.-' i.u. 

(iK)!.()'iypi-: PR!; Type fragment: US!). 

Perennial with scaly rhizomes; rhizome scales (■4.‘)-)‘5.‘)-<S. 1(-1 0) mm 
long, acute, often deteriorating with age. Cnlms 2—Sf—1 1) cm tall, 2—3(- 
5) mm diam., mostly erect, branching, glabrous; internodes 1—3(—5) mm 
long, compressed, nodnlose-rcanghened slightly below inflorescence. Leaves 
distichoLis; sheaths 3—6(—8) mm long, overlapping, margins hyaline. Ligules 

(().6-)().7-l. 1 (-1.4) mm long, membranous, acute or sliehtly rounded, 
decurrent. Blades (2—)4—8(—9) mm long, 0.6—1.1 mm wide, involute, ar¬ 
cuate, glabrous, margins scabrous. Inflorescence a panicle, 1-2 cm long, 1- 
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Principal Component 1 


Fici. 5. Principal components anal\'sis ol the 'b illons’ taxa, /\I. villitlora ( O ) anti /\l. viUosLt 
( • ). Populations “a" {/Wonleii 5 /4) and “b" (\;/A/o ) Vii.ui/uz s.u.) were collected at the same 
locality (Rancho Experimental “Los Aipeeles", Coaluiila, Mexico) in different years and 


erowint; seasons. Population “c 


> ♦ 



was collected in Otero C'.o., New Mexico. 


3(—4) mm wide, narrow, contracted usnally exserted above foliage; 
inflorescence branches solitary at each node, with 3—7 nodes per inflorescence; 
branches ascending. Pedicels 0.3—b.S(—1.3) mm long, minutely setose. 
Spikelets (1 .(S—)2.()—2.4(—2.5) mm long, usually crowded on branches, 1 — 
5(—8) spikelets on lowermost branches. Glumes (0.8—) 1.0—1.4(—1.6) mm 
long, equal, about one-half the length of sisikelet, acute, straw colored to 
dark green, one-nerved. Lemmas (1.7—)1.9—2.3(—2.4) mm long, 3-nerved, 
glabrous, narrowing to a mucronate apex, usually dark green. Paleas (1.6) 
1.8—2.2(—2.4) mm long, glabrous, dark green. Anthers 0.9—1.6 mm long, 
yellow. Caryopses ca 1.2 mm long, 0.4 mm wide, narrowly elliptic, dark 

brown. Chromosome number not reported. 

—Andean highlands of Argentina, Bolivia, and Peru, usu¬ 
ally above 3000 m elevation. 

IWuhlenberga fasti^iata resembles /VI. nchardsunh in many of its vegetative 
and reproductive characteristics. However, this species differs from /\1. 







^60 


Si DA 17(2) 


ricbcinhonh by its short stature, overlapping^ and distichons leaves, and Horets 
lackint; any vest i to re. 


2. Muhlenbergiaplumbea(Trin.) Hitchc., Contr. IJ.S. Natl. Herb. 17:296. 

191 _■). Ba.siOiWM: \'illd j)lin>ihui ’I’riii., Me m. Acad. lm['). Sci. Sainr-Pctcr.shoiir^^, Sta*. 
6, Sc i. Math., Sccondc Ft. Sci. Nat. 1( 1 );9<S. 1 (SdO. Sporohfh/s j^hnNhv/L\ (2 rin.) 1 Icmsl., 
Biol. (;cntr. Amcr. Bor. rS l6. ISSS. T\p\ : “Mineral del Monte, Schlechtendal” 
Sch/Cilc s.)L (iK)i.()rvpi;: LE!; Type (ra^t;ment: US!). 1 lerhariLini labels on the type and 
Irattnient l^ear Schlechtendal’s name, however it was prol^ably collected by Schiede 
and sent to Schlechtendal, and later to Triniiis. 

Perennial with scaly rhizomes; rhizome scales (7.5-)<S.5-l 3(-l6) mm 
long, acute, often deteriorating with age. Cailms 13-.D(-5 1) cm tall, (0.4-) 
().(S—1.2(—1.4) mm diam., glabrous, freely branching at lower culm nodes; 
internodes 4-4()(-6{)) mm long, variable, smooth, not nodulose-roughened, 
nodes green or purple, constricted. Sheaths (1 ()-) 1 5-32(-3 1) mm long, 
shorter or longer than internode, margins hyaline. Ligules ().3-0.‘)(-().7) 
mm long, membranous, truncate, decurtent. Blades (1.7-)3-7(-l 0) cm 
long, (1.1 —) 1.6—2.4(—3.0) mm wide, glabrous, Hat or folded along a promi¬ 
nent midvein. Inflorescence a panicle, (4-)5-9(-14) cm long, 0.5-4(-<S) 
cm wide, open, upper panicle branches ascending or reHexed, usually on a 
well exserted peduncle; inflorescence branches solitary at each node, with 
(6-)8-l 2(-l 3) nodes per inflorescence; branches usually lax, occasionally 
ascending, .seldom appearing contracted. Pedicels (0.3-)0.7-1.3(-l .9) mm 
long, minutely setose. Spikelets (2.4-)2.6-3.2(-3.3) mm long, usually not 

ajspearing densely placed on branches, 3-30 .spikelets jser branch, (flumes 
(1.0—)l .2—1.6(-l .9) mm long, ec]ual or second glume slightly longer than 
first, acute, 1/3-1/2 the length of the lloret, usually dark green, one-nerved. 

Lemmas (2.2—)2.4—3.0(—3.3) mm long, rounded and tapering to an acute 

apex, glabrous or occasionally scabrous, dark green, 3-nerves obscure. Paleas 


(2.2-)2.-l—2.8(-3.1) mm long, about equal to the lemma, glabrous, dark 
green. Anthers (1.4—) 1.6—2.0(—2.1) mm long, dark green at maturity, (/ary- 



1.1—1.6 mm long, 0.7—0.9 mm wide, elliptical to slightly ovate, 
greenish-brown. Chromosome number hi - 40 (Reeder 1967). 

Distrihi/iim;. —Valley of Mexico, and (juatemala. Moist soils in mead¬ 
ows, hillsides, or ditches. This species has often been misidentilied as 41. 
yicbiiyilsiiim. I lowever, it differs by its larger spikelets, open inflorescence, 
and Hat or folded leaf blades. 

3. Muhlcuibergia repens (J. Presl) Hitchc., In: Jepson, FI. (/alif 1(3): 111. 

1912. Basiowm: Sj)i>r(ihiih/s n'jh-i!.\ ] . Brt-.sl, Rcl. Haciik. 1:2 1 1 . I S30. W//)/ rejhin (|. 
Prc’sl) I fill., Mem. Acad. Imp. Sci. Samt-FctcrsboLiru, Ser. 6, Sc i. Math., .Sccondc 
Pc. Sci. Nat. 1(l):l()2. IS l9. 'I vi’r: Mh.XKX), !h/enk-e s.u. (iii PR!; Tyiic 
IruLfmcMu: US!; isoi ypl: MO!). 
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siibtills Nees, Linnaea 19T)89. 1847. Tyim:: MEXKX), Aschcnbinu 706 (no- 
i.oiA'PH: B-lost; Type fra^^ment: US!). iWiiblenbin'gui abuta I.M. Johnston, J. Arnolci 
Arbor. 24:387. 1913. Tyi^f: NEW MEXICO. Valley of the Rio Cjrantle, Wright I9S2 

(tiOi.oTMM'.: GUI). 1 litchcock’s name of /\l. repef/s was incorrectly circumscribed when 
he transferred the name from Sporoboh/s. However, he did not explicitly exclude the 
type and in later publications corrected his error. Johnston provided a new name for 
this species assuming that Hitchcock’s name was a later homonym of Spon^wlus repvus 
]. Presl and thus illegitimate. 

Perennial with creeping, scaly rhizomes; rhizome scales (3—)5—9(—20) 
mm long, acute, often deteriorating with age. Culms (5—)8—2()(—42) cm 
long, 0.3—0.6(—1.1) mm cliam., decumbent and usually forming dense mats, 
freely branching above, glabrous; internodes 4—16(—50) mm long, vari¬ 
able, lightly nodulose roughened below inflorescence, usually smooth on 
lower culm intemodes. Sheaths (2-)6-l 4(-34) mm long (occasionally 
longer), shorter to longer than internodes, margins hyaline, overlapping at 
base, open near collar and diverging from culm near collar. Ligules (0.1—) 
0.4—1.()(—1.8) mm long, membranous, truncate, dectirrent, occasionally 

becoming split. Blades (0.4—) 1.1 —3.0(—6.0) cm long, (0.5—)0.7—1.5(—4) mm 

wide, glabrous, involute, straight or usually arcuate to sj'ireading, midvein 
absent, margins scabrous. Inflorescence a panicle, 1—4(—9) cm long, 1—6(— 
32) mm wide, contracted, usually included at base in uppermost leaf sheath; 
inHorescence branches solitary at each node with (3—)4—8(—10) nodes per 
inHorescence; branches usually ascending, rarely lax. Pedicels (0.2—)0.5— 
1.5 mm long (rarely longer), minutely setose. Spikelets 2.7—3.3(—3.6) mm 
long (sometimes longer), usually with one Horet, occasionally two, not 
densely distributed, l—7(-l 9) spikelets usually on lowermost panicle branch. 
Glumes (1.1—)1.6—2.4(—3.6) mm long, about equal or hrst a little longer, 
acute, 1/2 to equaling length of floret, usually light green, 1-, 2-, or 3- 
nerved. Lemmas 2.6—3.2(—4.2) mm long, acute to attenuate, often narrow¬ 
ing into a mucro or short awn, 3-nerved, appearing glabrous or scabrous 
along midnerve apically, occasionally short hairs are visible near base or 


along margins, opaque to dark green or mottled; awn 0.1—0.3(—1-4) mm 
long. Paleas 2.1—2.7(—3-4) mm long, appearing glabrous or scabrous be¬ 
tween the two nerves, color similar to lemma. Anthers (0.7—) 1.0—1.4 mm 
long, yellow, becoming purple at maturity. Caryopses 1.1 —1.5 mm long, 
0.4-0.7 mm wide, elliptic to ovate, brown, usually with a straw colored 
coating on pericarp. Chromosome number 2)i = 60, 70—72 (Brown 1951; 

Morden 1985; Reeder 1967, 1968). 

Distribution .—Southwestern United States and northern Mexico south 
through the Valley of Mexico to Chiapas. On open sandy grounds of dry mea¬ 
dows, canyon bottoms, and along roadsides, often forming dense stands. Soils 
are variable, ranging from alkaline to calcareous and heavily gypsiferous. 
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Tliis species is similar to /VI. utilis in many respects, such as vei/;etative 
characteristics and tlie nature of the caryojssis. However, /VI. utilis can be 
distinguished by its smaller spikelets, more slender culms and spreading 
blades. Some isopularions tend to show intergradation with /VI. r'ichiinlu)}tis. 
Vegetative apomixis in this species has been jsreviously reported (Morden 

(Sc Hatch 1 9S6). 


4. 


Muhlenbergia richardsonis (Trin.) Rvdb., Bull. Torrey Bot. (dub 

32:600. 1903. BASi().\4'i\i: \/7A/ richiirdsonis IVin., Men*). Acad. Imp. Sci. Saint- 
PeAcrshoLiipu, Scr. 6, Sci. Math., Seconde Ft. Sci. Nat. 1(1).1()S. l<S l(). Spurabtdus 
rich i/Vilsnuis (d rin.) Mcrr., Rhodora i: 16. I 902. l\\iiblc)il)cr\i^ui h)'vvil(flhi (Scrihn.) Jones 
var. richiinisou/s (d rin.) M.li. Jones, Conrr. W. l^ot. 1 I: I 2. 1912. dA pic NORddI 
AiVlIiRKlA, Richcin/sou s.n. (iioi.oi VBi:: Lid; IVpc iraitment; US!). 

Miihloihcrjc^ 'u/ iislhricj/iHs Nees ex dVin., Mem. Acad. Im|^. Sci. Stiint-PcAersboLirL;, Sea*. 6, 
Sci. Math., Seconde Pt. Sci. Nat. 4( 1 ): 1 0 v 1 (S1() pro s\'n. Slmruhalns L/sjhriCi/iiHs (Nees 
ex dVin.) Scrihn., Bot. (laz. 2l:l^. I <S96. dh’Pic l\/chc/rcls<ni \.)i. (i k )i.( > lA'pb: BM; dVj^e 
Iraidmcnt: US!), ddie types ol the hasionyms V'/lhi richjrils(n/is dVin. and j\\/iljlvNher^iii 
dSpcriCiiniis Nees ex Trin. may he the same. Viljci scf/nirynsci dVin., Mem. Acad. Imp. 
Sci. Saint-PetershoLirit, Ser. 6, Sci. Math., Seconde Pt. Sci. Nat. -KUilOO. ISlO. 
i\\nl)lc}}hcr^ 'ui scjniirrohi (d rin.) Rydh., Bull, dorrey Bot. CUih shiTU. I 909- TMa.; 
Men/des Island, C>olumhia River, Washiipi;ron, Northwest America Dui/ii/c/.s sji. (iio- 
i.oi vpi': Lid; Lype Irai^ment; US!). 

VHhi dcpLiiipcrutii dorr, in I look., IM. Bor. Amer. 2:257, pi. 2 s6. IS lO. Sporuboliis 
ilcpiii/pcriit/is (dorr.) Scrihn., Bull, dorrey Bot. Cdtild 9:1 Os. lStS2. dhaa-: sandy parts ol 
(.oliimlsia River, trom Menzies Island upward, Do/ig/cis .s.u. (iKii.o'i vaa : K; lype Irat^'- 


nu'iu; l)S!; Lsorvia,: Cll 1!, Nd'!). Not M/ihloi/hry^icU 

1 StS a). 



hn\itj Scrihn. (Bot. Ciaz. 9:1 tS^. 


Perennial with scaly rhi/omes, often a knotty base, mat-forming; rhi¬ 
zome scales (4—)6—9(—13) mm long, acute, often tleteriorating with age. 
Culms tyi')ically (3-) 1 ()-3()(-6l) cm tall, occasionally taller, ().3-().6(-l. 1) 
mm cliam., wiry, glabrous, tlecumbent or erect, freely branching above or 
not; internotles (1—) 1 1 —1()(—94) mm long, variable, variously noclulose- 
roLighenetl, occasionally appearing smooth. Sheaths usually (1 —)9—22(—30) 
mm long, shorter or longer than internoele, margins hyaline, overlapping 
at base, open near ct)llar and diverging from culm. Ligules (0.3—) 1.0—1.9(— 
3.0) mm long, membranous, acute to truncate, erose, or shallowlv toothed. 
Blades (0.4—) 1.6—4.0(—6.3) cm long, (0.3—) 1.0—1.6(—4.2) mm wide. Hat or 

becoming involute when desiccated, straight or usually arcuate-spreading. 


midvein absent, margins scabrous. Inflorescence a panicle, (1—)2—3 cm long 
(rarely up to 13 cm), 1—4(—17) mm wide, contracted, usually on a well- 
exserted peduncle, iiiHorescence branches solitary at each node, ( f-)7—1 2(— 
1(S) nodes per iiiHorescence; branches usually ascending, seldom lax. Pedicels 
(0.2—)0.3—1.1 (—2.0) mm long, minutely setose. Spikelets (1.7—)2. l-2.7(— 
3.2) mm long, with one floret, rarely two, crowded on branches, 1 — 1 3( — lO) 
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spikelets on lowermost panicle branch. Glumes (0.6—)().9—2.0) mm 
lon^% about equal or second slightly longer, acute, 1/3—1/2 the length of 
Horet, green, 1- (rarely 2-) nerved. Lemmas (1.7—)2.()—2.6(—3.1) mm long, 
acute or acuminate, often mucronate, glabrous or scabrotis near apex, usu¬ 
ally dark green or mottled, 3-nerves obscure, mucro 0.1—0.2 mm long. 
Paleas (1.0—)1.<S—2.4(—2.9) mm long, glabrous or scabrous between nerves, 
color similar to lemma. Anthers (0.9—)1.2—1.4(—1.6) mm long, yellow, 
becoming purple at maturity. Caryopses (0.9—)1.1 —1.4(—1.6) mm long, 0.3— 
().5(—0.6) mm wide, narrowly elliptic, brown. Chromosome number 2// = 

40 (Delay 1950; Morden 1985; Stebbins & Love 1941). 


Distri 



—This is the most widely distributed species of the com¬ 
plex occurring from New Brunswick and Maine, west to Alaska, south 
through the Sierra Nevada Mountains into Baja California, and the Rocky 
Mountains to New Mexico and Arizona. On open soils of moist meadows 
or drier sites away from saturated soils, sandy arroyo bottoms, occasionally 
alkaline soils. 

h\nhlenhergia rkhanhouis is similar to M. relmis with which there appears 
to be some intergradation in the southwestern United States. There are 
two interyrading forms of /VI. r'tcharchonii . One form, which has been re¬ 


ferred to as /\1. sqihirrosci , has stout, decumbent, and spreading culms and 
occupies drier sites with little competition from other species. The other 
form, referred to as /M. richan/sonis, has more slender, erect culms and is 
usually growing in moister soils in a meadow-like association. This species 
is often confused with /VI. aispidatci (Torn) Rydb. from the Midwestern U.S., 
which differs by lacking rhizomes and which has |')uberulent culm inter¬ 
nodes, a shorter ligule, and long glumes which are acuminate or cuspidate. 
Mnhkubtrgia filiforniis (Thurb.) Rydb. is an annual or weak perennial re¬ 
sembling /\L richan/sonis, but is distinguishable by its non-nodulose rough¬ 
ened culms and ovate to acute glumes (these often slightly erose or ciliate 
along the margins). 

5. Muhlenbergia utilis (Torn) Hitchc.,J. Wash. Acad. Sci. 23:453. 1933- 

Basiox'i'm: Vilja ntihs Torr., U.S. Rep. Expl. Miss. PaciP ‘3:3<)5. IS'iH, Spoydbohn 


////7/j'(Torr.) Seri bn., U.S.D.A. Oiv. A^rostol. Bull. 17:17 1.1. 167. 1899. I ypi:: Lost 

Me. Sprin^% trip from Tejon to the Lost Hills, CaliL, in stony places, BLiki s.n. 
(i lOLC)rvPk: NY!; Type fragment: US!; isctlypps: GH!, MO!). 

Willii SiU'citilLi L. b’oiirn., Mex. PL 2:101. 1886. Sporoholiis scnatilla Griseb. ex L. Lourn., 
Mex. PI. 2:101. 1886 pro syn. IApps: COiapultepec pr. Mexico, Schiiffuey 163 pi. ed 
Hohen. (W); San Luis Potosi, V/r/et 1435 (P); Texas, Wr/gbt (in herb. Durand, P). 
(dh'PP fragments: US!). Fournier (1886) also listed Agrosf/s hrevijoliz/s Nutt, as a syn¬ 
onym. However, this is a synonym of M/ibUnbtrgici cifspichitci (Torr.) Rydb. 

Perennial witli scaly rhizomes; rhizome scales (3—)5—9(—13) rnm long, 
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Uvi 


acute; scales often deteriorating with age. Culms 7—20 cm high, 0.2—().6(— 
0.9) mm cliam., much branched above, erect on smaller plants, decumbent, 
long and trailing on larger plants, ujs to one meter long, usually ascending, 
glabrous; internodes (3—)H—22(—37) mm long, variable, lightly nodulose 


roughened or with siliceous markinirs below inflorescence, smooth or not 
as pronounced on lower internodes. Sheaths (3—)7—1 3(—24) mm long, shorter 
or longer than internodes, margins hyaline, overlapjsing at base, ojsen near 
collar and diverging from culm. Ligules (0.2—)().3—().5(—().<S) mm long. 


membranous, truncate, decurrenr. Blades (3—)1 1—24(—47) mm long, (0.2) 
0.8—1.3(—1.8) mm wide, glabrous, flat or mostly involute, straight or be¬ 
coming arcuate with age, blades of major culms often at right angles to 
culm, midvein absent, margins scabrous. Inflorescence a panicle, 1—3 cm 
long (rarely longer), 1 — 1 mm wide, contracted, usually included at base in 


uppermost leaf sheath; inflorescence branches solitary at each node, with 
3—I 3 nodes per inflorescence; branches ascending, occasionally becoming 
lax. Pedicels (0.1—)().2—().6(—1.1) mm long, glabrous. Spikelets (1.1—)1.6— 
2.()(—2.3) mm long, with one floret, these crowded on branches, (1—)2—7(— 
l4) spikelets on lowermost panicle branch. Cdiimes (0.5—)().6—1.()(-! .4) 

mm long, about equal, acute, 1/3—1/2 length of lloret, straw colored to 

light green, 1- or 3-nerved. Lemmas (1.3—)1.5—2.()(—2.3) nim long, 3- 
nerved, acute, not mucronate, green or pur|sle near base at maturity, gla¬ 
brous, rarely with short hairs jsresent. Paleas (1.()—)! .4-1.8(—2.0) mm long, 
glabrous, color similar to lemma or with more purple at maturity. Anthers 
(0.7—)1.0—1.2(—1.4) mm long, yellow, becoming purple at maturity, (iary- 


opses (0.7—)().8—1.()(—1.2) mm long, 0.4—0.6 mm wide, elli|')tic to ovate, 
brown, usually with straw-colored coating on pericarp, (diromosome num¬ 


ber 2 


)i 


20 (Gould 1966; Morden 1985). 


—United States; Arizona, southern Galifornia, Nevada, and 
central Texas; Mexico: Chihuahua, Coahuila, Durango, Guanajuato, Jalisco, 
Mexico, Nuevo Leon, Puebla, Sonora, and Veracruz; Guatamala. In wet 
soils, usually with slow flowing fresh water or along margins of faster flow¬ 
ing streams or rivers, depressions in grasslands, and alkaline or gypsiferous 
plains. 

'Phis speci es is similar to 41. repc'iis from which it differs by its more wiry 
culms, slender leaves, shorter ligules, and smaller spikelets. This species 
was used by people of Mexico for stuffing jsacksaddles, hence the common 


4 4 




name aparejo e;rass. 

6 a. Muhlenbergia villiHora Ilitchc. var. villiflora, see Morden 1996 

(p. 29). 

6)b. Muhlenbergia villiHora Hitchc. var. villosa (Swallen) Morden, see 


Morden 



. 29, 30). 
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